Background and Purpose-Guidelines for medical practice in stroke have been proposed in different countries, but their impact on stroke outcome has not been verified to date. The aim of this study was to evaluate the impact of the American Heart Association guidelines for acute stroke and for transient ischemic attack on first-ever stroke patients. Methods-Three hundred eighty-six first-ever ischemic stroke patients were admitted to the study. Those observed within 6 hours from stroke onset were eligible for the acute clinical phase of the study, while all were admitted to the early clinical phase. The follow-up lasted 6 months. Primary end points were survival and the effectiveness of treatment on disability, measured as the proportion of potential improvement in the Barthel Index score achieved during treatment.
S
troke is the second leading cause of death and the leading cause of chronic disability in industrialized countries. It is thus one of the most pressing medical and economic problems. [1] [2] [3] Guidelines for medical practice in stroke have been proposed in different countries with the aim of improving the management of patients and hence reducing direct and indirect costs, but the impact of their application on mortality, disability, and costs has not yet been investigated.
In 1994 the Ad Hoc Committee of the Stroke Council of the American Heart Association (AHA) proposed guidelines for the management of patients presenting with acute ischemic stroke 4 and with transient ischemic attacks (TIAs). 5 These provide recommendations based on available data from clinical trials and graded on the strength of scientific evidence. While the guidelines for acute ischemic stroke include recommendations for initial care, no recommendation is given for medical and/or surgical measures to prevent stroke recurrence. In contrast, the TIA management guidelines provide recommendations for diagnostic procedures and specific treatment to minimize the risk of stroke.
We sought to evaluate, in 4 districts in the northern Italian region of Lombardia, associations between guideline compliance and survival and disability in patients with first-ever ischemic stroke and to identify which guidelinerecommended actions appear to be strongly related to survival. We also analyzed the applicability of these guidelines in an Italian healthcare setting to plan a multicenter, randomized national study.
Subjects and Methods
We performed a prospective, observational, multicenter study. We enrolled 386 consecutive subjects with a confirmed diagnosis of first-ever ischemic stroke admitted to the 4 centers participating in the study (the neurological departments of the hospitals of Pavia, Bergamo, Brescia, and Monza) between February 1998 and April 1999. Although the neurologists and nurses at the 4 centers were trained in acute stroke care, at the time of the study these centers were not organized specifically as stroke units (ie, they did not have homogeneous guidelines covering all the aspects of acute stroke management and rehabilitation, and monitoring of physiological parameters was not always available). 6 To minimize variability across centers and between observers, a user manual was produced, and meetings of the study group were held every 3 months to discuss the collection, interpretation, and quality of data. Moreover, the AHA guidelines were made available online through a computerized system.
Clinical first-ever ischemic stroke was defined as an acute focal neurological deficit lasting Ͼ24 hours with no cause other than cerebrovascular disease in patients who have not had a previous stroke. On the basis of the clinical features of the initial neurological examination, the patients were grouped, according to the clinical criteria proposed by the Oxfordshire Community Stroke Project, 7 into the following subtypes: total anterior circulation infarct (TACI); partial anterior circulation infarct (PACI); lacunar infarct (LACI); and posterior circulation infarct (POCI). Clinical diagnosis was confirmed by CT or MRI examination. The first 6 hours after the onset of symptoms was defined as the acute stroke phase, and the subsequent period, up to 7 days after stroke, was considered the early clinical phase.
Written informed consent and details of personal history were obtained from the patients or, if their level of consciousness and/or neurological deficit precluded this, from relatives.
The following data were collected: (1) baseline characteristics: age, sex, living conditions, drug use before stroke; (2) vascular risk factors and comorbid conditions: hypertension, atrial fibrillation, previous myocardial infarction, cardiac insufficiency, TIAs, diabetes mellitus, smoking (current or past), alcohol consumption, hypercholesterolemia; (3) clinical condition at admission: level of consciousness (Glasgow Coma Scale 8 ), neurological deficit (National Institutes of Health Stroke Scale 9 ), and level of disability (Barthel Index [BI] 10 ); and (4) diagnostic tests, therapeutic interventions, amount of inpatient rehabilitation, and, of great importance in our study, compliance of these areas with guideline recommendations.
Outcome data were collected at discharge and at 3 and 6 months after stroke onset; they included information on vital status, recurrence of stroke, and disability measured by means of the BI, with a score ranging from 0 to 20. These assessments were made through a direct interview. In the event of a patient's death, the date and cause of death were recorded from information given by relatives or general practitioners.
As suggested elsewhere, 11, 12 the parameter treatment effectiveness (TE) was used as a measure of residual disability. TE at discharge reflects the proportion of potential improvement achieved during hospitalization; it was calculated according to the following formula: 100ϫ (discharge BI scoreϪinitial BI score)/(BI maximum scoreϪBI initial score). Similarly, TE was calculated at 3 and 6 months after the stroke onset. According to the formula, TE was 100% when a patient achieved the BI maximum score (ie, 20) .
Three hundred seventy-six (97.4%) and 368 patients (95.3%) were evaluated at 3 and 6 months, respectively. Eighteen patients were thus lost during the follow-up.
Management guidelines for acute ischemic stroke were made available for the 110 patients (28.5%) observed within 6 hours of stroke onset, while diagnostic procedures and specific treatments aimed at minimizing stroke recurrence were derived from the guidelines for TIAs and made available for all the subjects. As mentioned, these guidelines were entered into a computerized system and rendered accessible online: first, they were represented as a flow chart with the use of a graphical editor 13, 14 that allows the guidelines to be set out, in varying detail, as a sequence of recommended actions. Users could browse through them both for educational purposes and to obtain real-time suggestions, since we integrated the guidelines with the electronic patient record. The latter, implemented by means of the MS-ACCESS relational database management system, was shared by the 4 study centers and stored all the aforementioned information. In addition, when physicians applied specific diagnostic and/or therapeutic strategies that were at variance with guideline indications, the database was also used to store information detailing the reasons for these decisions. We refer to this behavior as physician "noncompliance" with the guideline.
The detailed electronic patient record facilitated the calculation, for each patient, of a noncompliance rating (NCR) during his/her management: the NCR is initially set at 0 and is then incremented by 1 for each guideline recommendation not acted on. The NCR could range from 0 to 47 (acute phase, 0 to 17; early clinical phase, 0 to 23; management of medical and/or neurological complications, 0 to 7), but the maximum value we observed was 19. The actions recommended by the guidelines and considered in the calculation of the NCR (ie, all the recommendations supported by the highest degree of scientific evidence, as reported in the guidelines themselves) are listed in Appendix 1.
Statistical Analysis
Data analysis was performed with the use of the S-Plus statistical package from Mathsoft Inc. 15 Median, range, and quartiles were used as descriptive statistics because of the nonnormal distribution of most variables. The nonparametric Wilcoxon test was used to compare numerical and ordinal variables in 2 patient groups. The Bonferroni method was used for correction of probability values in multiple comparisons.
The cumulative survival curves were obtained by the KaplanMeier method, 16 and the difference between Ն2 survival curves was tested by the log-rank or Mantel-Haenszel test. 17 The influence of prognostic factors on survival was investigated by means of the Cox proportional hazards regression model. 18 Logarithmic transformation was used on variables showing skewed distribution before they were entered in the regression models. Both univariate and multivariate analyses were performed. The Harrel z test on Schoenfeld residuals was used to validate the proportional hazards assumption for each covariate. 19 A threshold value was found for some of the numerical variables that were significant under the Cox regression model, and for illustrative purposes the Kaplan-Meier estimates for the 2 groups of patients distinguished by that threshold are shown. Relative risks (RRs) and their 95% CIs were derived, after fitting the Cox model, as the antilogarithm of the coefficient estimated for each covariate included in the model itself. Note that for numerical variables, such as age and NCR, the RR refers to a unit change in the variable itself. While the Cox model was used for long-term survival, a logistic regression analysis was performed for early death, with the patient status at discharge (alive/deceased) considered as the binary variable to be predicted.
For the analysis of functional outcome, Spearman's rank correlation test was used to investigate the univariate relationship between the TE (the effect of treatment on the BI score) and the NCR, and a multivariate regression model was used to test whether the NCR retained its significance after correction for additional covariates.
Results
Three hundred eighty-six patients (202 men and 184 women; median age, 72 years; interquartile range, 62 to 78 years) were enrolled in the study. Deaths numbered 26 at 7 days, 70 at 3 months, and 91 at 6 months. The number of subjects lost to follow-up was 0 at 7 days, 10 at 3 months, and 18 at 6 months. Clinical diagnosis was TACI in 10.7% of patients, PACI in 31.7%, LACI in 38.9%, and POCI in 18.7%. The case fatality rate for the entire population was 7% (95% CI, 4.4% to 9.5%) at 7 days, 18.6% (95% CI, 13.6% to 20.1%) at 3 months, and 24.7% (95% CI, 22.1% to 27.3%) at 6 months. The prestroke characteristics and the clinical status on admission in patients at 6 months, both living and deceased, are reported in Table 1 .
First, we analyzed the data without considering compliance. On univariate Cox analysis, the overall mortality was found to be significantly correlated with age (PϽ0. The Kaplan-Meier survival curves for each clinical subtype of stroke showed significant differences (Figure 1 ; PϽ0.0001). In particular, the highest risk of death was detectable in the TACI subgroup (6 months: TACI, 57.1%; PACI, 20.4%; LACI, 7.8%; POCI, 14.6%). Increasing age significantly correlated with death only in PACI subjects (PϽ0.002; RRϭ1.07; 95% CI, 1.03 to 1.12) and LACI subjects (PϽ0.05; RRϭ1.06; 95% CI, 1.00 to 1.12).
The causes of death during hospitalization were intracranial hypertension in 35.8% (nϭ14) of cases, pneumonia in 20.5% (nϭ8), acute cardiac insufficiency in 12.8% (nϭ5), pulmonary embolism in 7.7% (nϭ3), ventricular arrhythmia in 7.7% (nϭ3), recurrence of stroke or hemorrhagic transformation in 10.3% (nϭ4), gastric bleeding in 2.6% (nϭ1), and acute renal insufficiency in 2.6% (nϭ1).
During the follow-up, 9.6% (nϭ5) of patients had a stroke recurrence, 3.8% (nϭ2) died of cardiac causes (acute myocardial infarction, lethal arrhythmia), and 86.5% (nϭ45) died of nonvascular causes.
In the second phase of the statistical analysis, we considered compliance with the guidelines. The major areas of noncompliance, the number of times each appears, and relative percentages are reported in Table 2 . The Cox model showed that mortality was directly correlated with the NCR (PϽ0.0007; RRϭ2.26; 95% CI, 1.51 to 4.67). The median of the NCR, for the whole treatment, was 5 (range, 0 to 19). While the NCR was used as a numerical variable in the regression model, for illustrative purposes the survival curves of the 2 groups of patients with NCRs Ͻ5 and Ն5 are reported in Figure 2 . The case fatality rate for the group with an NCR value Ͻ5 (nϭ220) was 1% (95% CI, 0% to 2.2%) at 7 days and 8% (95% CI, 3.9% to 12%) at 6 months; for those with a threshold value Ն5 (nϭ141), the case fatality rate was 2% (95% CI, 0.1% to 3.4%) and 23% (95% CI, 13% to 25.5%), respectively. Thus, at 6 months we detected a difference in mortality of 15%. The influence of noncompliance on mortality was also confirmed when the multivariate analysis was performed, including in the model age, type of stroke, and initial BI score, which were identified as independent predictors of mortality (NCR: PϽ0.03; RRϭ1.07; 95% CI, 1.01 to 1.15; age: PϽ0.02; RRϭ1.03; 95% CI, 1.01 Compliance with guideline-recommended actions was inversely correlated with age (RϭϪ0.42, PϽ0.0001). However, NCR was still significant for survival when corrected by age, and the median age of the 2 groups of patients with NCR Ͻ5 and Ն5 was very similar (71 versus 74 years).
When we refined the analysis according to stroke type, evaluating the relationship between noncompliance and death, a very significant correlation was detectable only in the LACI group (PϽ0.003; RRϭ1.23; 95% CI, 1.07 to 1.41), but in TACI subjects we also observed a trend suggesting an increase in mortality on increase in the NCR (PϽ0.07). In the POCI group there were too few deaths to allow a correlation to be computed.
We then analyzed separately the guidelines for the acute and for the early clinical phases to verify both their applicability and association with outcomes. This analysis can also be used as a means of identifying possible different behaviors of physicians when faced with medical emergencies versus nonemergency situations.
In the acute phase, the median NCR during the acute phase was 5 (range, 3 to 13). None of the patients was treated entirely in accordance with the guidelines. The most common violations were in relation to admission to a thrombolysis/neuroprotection study protocol (86.4%), 24-hour ECG monitoring (80%), physical medicine evaluation (60.9%), and rapid execution of general and neurological assessment (52.7%). The NCR in this phase did not correlate significantly with long-term survival but was found to correlate with early death (PϽ0.02, multivariate logistic analysis).
In the early clinical phase, the median NCR during the early clinical phase was 3 (range, 0 to 10); only 5 patients were treated entirely in accordance with the guidelines. Survival continued to be significantly correlated with guideline compliance in this phase. In Figure 3 , the survival curves of the 2 groups of patients are characterized by a threshold NCR of 5 (PϽ0.00004; RRϭ4.2; 95% CI, 2.5 to 7). At 6 months we detected a decrease in mortality of 21%.
We then analyzed the effects of each guideline recommendation on survival. Early mobilization (PϽ0.001), echoduplex scanning of extracranial vessels (PϽ0.004), cardiological assessment (PϽ0.02), and secondary prevention treatment (PϽ0.001) were significantly correlated with survival. The echo-duplex scanning of extracranial vessels (PϽ0.007; RRϭ2.5; 95% CI, 1.3 to 5.0), cardiological assessment (PϽ0.01; RRϭ2.1; 95% CI, 1.2 to 3.8), and secondary prevention treatment (PϽ0.05; RRϭ1.9; 95% CI, 1.0 to 3.5) were still significantly correlated with survival even when the multivariate analysis included age and BI score at the time of maximum impairment, variables that were strongly correlated with mortality. The most frequent motivation for noncompliance was lack of resources or of intrahospital coordination. Physicians failed to agree with guideline recommendations only in the choice of pharmacological treatment for the control of infectious complications and for secondary prevention (Table 2) , preferring to be guided by personal experience rather than to adopt an evidence-based approach. On no occasion did clinicians justify their noncompliance with guidelines on the basis of the severity of a patient's condition. For functional outcome, the median initial BI scores in the 2 groups of patients with NCR Ͻ5 and Ն5 were 12 (interquartile range, 5 to 18) and 8 (interquartile range, 3 to 16), respectively. TE at discharge was significantly correlated with NCR (Spearman's rank correlationϭϪ0.3; PϽ0.001) and was higher in the group of patients with NCR of Ͻ5 (NCR Ͻ5: median, 33%; NCR Ն5: median, 20%; PϽ0.02, Wilcoxon test) (Figure 4) .
The influence of noncompliance on TE was also confirmed when the multivariate analysis model included NCR, age, and initial BI, variables identified as independent predictors of poor outcome (Table 3 ). More precisely, the squared value of the initial BI was included in the model because it showed a better significance in relation to the rough value, possibly because it takes into account the nonlinearity due to the upper-threshold effect.
At the 3-and 6-month follow-ups, TE was still higher in the group of patients with NCR of Ͻ5, but the difference was not significant (median, 75% versus 72% at 3 months and 79% versus 76% at 6 months).
Discussion
This study demonstrates an association between stroke outcome and compliance with guidelines, even though a randomized trial is needed to demonstrate a direct cause and effect relationship. The most striking result is the reduction of mortality at the 6-month follow-up, with risk of death found to be directly related to the level of noncompliance with guideline-recommended actions. In particular, compliance with guideline recommendations in the acute phase is able to reduce the number of early deaths, while good compliance during both the acute and the early clinical phases improves stroke survival at 6 months. Furthermore, a better functional outcome is also observable in the presence of a higher level of compliance with the guidelines. TE (calculated with the use of the BI) at discharge is significantly higher in the group showing less noncompliance, and this trend is confirmed at 3 and 6 months (even though statistical significance is not reached, probably because the functional recovery after hospital discharge is influenced by a series of other variables, such as length and type of physical rehabilitation and support of relatives, which we did not quantify in this study).
A complete neurological and cardiovascular assessment, early mobilization, and an evidence-based secondary prevention therapy seem to be the procedures able to strongly influence the outcome of stroke patients. It is important to note that these procedures are recommended by the AHA guidelines regardless of a patient's clinical status. In this study we did not evaluate whether noncompliance in single areas was associated with evidence of failure to proceed with further intervention, but the importance of specific actions, such as early mobilization, relevant investigations, or acute monitoring, has been confirmed by recent studies. 6,20 -22 However, the real significance of these results probably does not lie solely in this statistical evidence: it is likely that good clinical practice, achievable through the application of evidence-based guidelines is, per se, capable of modifying and improving the medical and nursing approach to stroke. It means that patients are monitored and treated better than in routine settings, which, as is known, are characterized by a lack of effective treatments for the acute phase of the disease. In view of this lack of effective treatments, we also considered the recommendation of admission to thrombolysis/neuroprotection study protocol because it has previously been emphasized that supporting these protocols through patient referral and participation is crucial for evaluating additional treatment options 23 that could positively influence patient outcome. Thus, if a patient reaches the hospital within the "therapeutic window," the possibility of including him or her in a study protocol must be considered.
Some behavioral biases were detected. First, the frequency distribution of noncompliance shows that much more attention is currently devoted to the early clinical phase and to young patients, suggesting that the same level of attention is not perceived as particularly useful in older patients or in the acute phase. However, when the average age of the 2 groups (good/poor compliance) is considered, it seems that the age difference is not great enough to justify the difference in mortality. Moreover, it is also possible that some physicians still prefer a medical approach based on personal experience to an evidence-based one, especially in the choice of pharmacological treatments. These aspects, together with the high rate of deviation from guideline recommendations due to lack of coordination or resources, could reflect the limited scenario of Italian healthcare and may not be directly applicable to other healthcare systems.
We performed a statistical evaluation based on univariate and multivariate analyses aimed at identifying possible confounding factors because the objective of our study was not to compare different types of care but to ascertain whether greater compliance with guidelines could modify the outcome of stroke patients. Additionally, the "sum score" of deviations is not to be read as an absolute measure of the care process but only as a quantification of deviations used for the purpose of investigating a correlation between noncompliance and mortality. We demonstrated that this correlation does exist, which means that good clinical practice, based on scientific evidence, is able to modify favorably the outcome of these patients, even in the absence of efficacious pharmacological treatments.
Our study is the first attempt to date to verify the possible effects of guideline application on stroke outcome. The positive results observed in the study must of course be confirmed through a larger multicenter randomized study comparing "guideline care" with "conventional care." The electronic support for medical decision making used in this project could also be applied in a large-scale evaluation of the application of stroke guidelines, conducted to obtain more definite information about their applicability in individual countries and to establish the effectiveness of their use in clinical practice.
Although preliminary, these data emphasize the need for professional education on stroke and for much more widespread use of guidelines among those involved in stroke care.
